Background and Aim: Endoscopic retrograde cholangio-pancreatography (ERCP) is a complex and
Introduction
Endoscopic retrograde cholangio-pancreatography (ERCP) is an important procedure both in the diagnosis and management of pancreaticobiliary diseases. It is a technically demanding procedure that carries with it an incidence of complications ranging from 4% to 30%. 1 The American Society for Gastrointestinal Endoscopy has developed an ERCP core curriculum that outlines recommendations for ERCP training. The currently accepted benchmark for deep bile duct cannulation in individuals seeking credentialing for independent practise is >80% with some suggesting that 90% is a more appropriate standard. 2, 3 In 1996, guidelines stated that fellows must complete at least 100 ERCPs before they are assessed for competence. These guidelines were later revised and it is now felt that most trainees need to complete at least 180 procedures, the majority of which are therapeutic, before they are able to achieve competency. 2 Other guidelines (Table 1) are in keeping or similar to the American Society for Gastroenterology guidelines including those developed for the British Society of Gastroenterology and the Gastroenterological Society of Australia. 4, 5 It is recognized that individuals training in any technical procedure acquire skills at differing rates and that the number of procedures completed is alone an inadequate marker of competency in a given procedure. 3 Cumulative summation (Cusum) is a statistical technique of sequential analysis that allows an observer to judge whether the variation observed in performance is acceptable or if the variation was outside that expected from random variation. It is useful in settings in which the sample size is both unknown and ever increasing. 6 It has been used previously in the technical aspects of medicine for both assessing the competence of trainees and also in the assessment of doctors performing certain procedures who are already deemed competent in those procedures. [7] [8] [9] The aim of this study was to assess a trainee's progress with ERCP using Cusum analysis. Table 2 .
Method
The binary outcome measure was successful duct (pancreatic or biliary dependant on indication) cannulation in patients with an intact sphincter of Oddi as confirmed by cholangiopancreatography. Data were analysed by intention to treat.
The current study met the definition of an audit and quality assurance related activity as per New Zealand national ethics committee guidelines. Therefore it did not require specific ethical committee review. 10 The trainee had previously completed training in upper gastrointestinal (GI) endoscopy (minimum 400 endoscopies) and had been briefly exposed to ERCP during their fellowship training (but did not achieve competency).
Statistical method
Cumulative failure charting and sequential probability ratio testing was performed. The number of cumulative failures was charted against the sequential attempt number for the series of patients. Control lines regarding acceptable or unacceptable per- • No specific number of procedures prescribed
• Emphasis on the number of procedures a centre performs with the recommended number being 250 annually (or fewer if trainees are assured adequate exposure)
• At the time of assessment for credentialing the trainee must be:
-aware of the indications, limitations and complications of diagnostic and therapeutic ERCP -able to identify the papilla in >95% of patients who have not undergone gastric surgery.
-competent in those manoeuvres which facilitate cannulation of the biliary tree and the pancreatic duct -able to independently perform sphincterotomy, stone extraction and stenting and display a safe and potentially successful approach to these technical skills.
American Society for Gastrointestinal Endoscopy ) were set at 0.20 and 0.35, respectively. As standard for Cusum analysis, Type I and Type II error rates were set at 0.10. 6 Intermediate values (a, b, P, Q and s) were calculated as follows 6 : .
The acceptable and unacceptable cumulative failure (CF) rates were calculated, where n is the attempt number
These CF rates, or acceptable and unacceptable control lines, were also plotted on the chart. The crossing of either of these lines by the cumulative failure curve indicates acceptable or unacceptable performance in a series and hence conclusions can be drawn from the data.
The sequential probability ratio testing involved the plotting of the Cusum score against the number of attempts. With each procedure, the Cusum score either decreases by the value 's' (0.271) if the attempt is a success, or increases by the value '1 -s' (0.729) if the attempt is a failure.
Control lines are drawn horizontally on the Cusum plot with the line values being defined by 'h' . This value is determined by the acceptable and unacceptable failure rates and the Type I and II error rates. The spacing between the unacceptable control lines (h 0) and the acceptable control lines (h1) is determined as follows 
Because the Type I and II error rates are equal, then h0 and h1 become equal and only one set of control lines are plotted. 6 In terms of interpretation, each time the plotted line crosses a control line it can be concluded that the performance since the last control line was crossed was unacceptable if the line trends up [level of importance is deemed importantly divergent i.e. alternative hypothesis (H 1) can be accepted] or acceptable [practice is as expected i.e. null hypothesis (H 0) can be accepted] if the line is trending down.
In a steady-state situation (i.e. monitoring rather than learning phase), the sensitivity of the graph in detecting a detrimental change can be increased by resetting the graph whenever H 0 is accepted. 11 Conversely, in the situation where a learning curve exists, the sensitivity for detecting improved performance can be increased by resetting the graph when H 1 has been accepted. Continuous data are presented as median (range) whereas nominal data are presented as numerator with percentages (%) when the denominator is >50.
Results
During the study period, 290 ERCPs were performed. The median (range) age was 72 years (21-94). One hundred and twenty-nine patients (44.5%) were male. Indications for ERCP are shown in Table 3 .
Of the 238 (82.1%) patients with an intact sphincter of Oddi, successful cannulation was achieved by the trainee in 168 (70.6%) patients. In the 70 (29.4%) patients in whom the trainee was unable to cannulate the appropriate duct, the supervisor was able to achieve cannulation in 25 (35.2%) of these patients. Fifty-two (17.9%) patients had undergone a sphincterotomy previously and the success rate of cannulation by the trainee in this group was 86.5% (45/52).
The success rate of procedures subsequently performed by the trainee is shown in Table 4 .
The cumulative failure to cannulate an intact sphincter of Oddi by the trainee is shown in Fig. 1 . As can be seen in Fig. 1 , the cumulative failure rate crosses the upper control line (unacceptable failure rate) at ERCP attempt number 14 hence indicating unacceptable performance and remains so throughout the entire series (n = 238). Figure 2 shows the Cusum score plotted against the ERCP attempt number for the series.
It can be seen that the unacceptable control line [crossing horizontal grid lines on the y-axis in an upward fashion (positive gradient)] is first crossed at attempt number 14 and again subse- Figure 3 plots the Cusum score against the attempt number with the graph resetting each time H 0 or H1 is accepted. It can be seen that at ERCP attempt numbers 14, 43 and 50 the graph has been reset when H 1 has been accepted (control line crossed by graph in upward fashion, rate of cannulation deemed significantly divergent from accepted practice). Satisfactory performance is demonstrated for the series between attempt numbers 51 to 196 when the H 0 is accepted (control line crossed by graph in downward fashion, rate of cannulation can be concluded to be as expected) and the graph resets.
Discussion
In this prospective analysis, the learning experience of a single ERCP trainee was analysed using Cusum analysis. The results of the current study have confirmed the usefulness of such techniques in objectively demonstrating the learning curve associated with the acquisition of new skills. Such analysis allows for a form of 'quality control' during the assessment period and objective conclusions can be drawn regarding whether a trainee's performance is acceptable or not. In addition ongoing analysis provides ongoing documentation of competent practice.
This study also highlights that although conclusions can be drawn from analysing cumulative failure charting, Cusum analysis using sequential probability ratio testing provides a more sensitive analysis of ongoing performance when there is rapid improvement in the level of skill (training situation). Within the current study, the cumulative failure chart (Fig. 1) indicated towards the latter part that the trainee was showing improvements as it trended towards the unacceptable performance line previously crossed at attempt number 14. If the trainee continued along this trend it would have taken over 250-300 attempts from this attempt number in order to cross the upper control line before any further conclusion could be drawn regarding the trainee's performance. In contrast, the sequential probability ratio test (Figs 2,3 ) could conclude that satisfactory performance had been achieved (at attempt number 100) for the period between ERCP attempt number 60-100. More detailed analysis of the sequential probability ratio test (Fig. 3 ) also enables continuous analysis of whether trainees are improving with the expectation that the interval (number of attempts) between the curves crossing the control bands should increase and eventually the slope of the line should change and become negative. This has the advantage of allowing individualization of the training programme to an individual's rate of learning. Equally with time, if a national database was developed, a learning curve with confidence intervals could be constructed which would allow for early identification of nonperforming trainees. Such trainees could then be redirected into more appropriate areas of practice. A recent survey of UK trainees has highlighted deficiencies with prospective data collection, with only 21% of trainees maintaining such a database. 1 This study highlights two important points that have been addressed previously, the first concerns the recognition that individuals follow different learning curves and second that number of procedures alone are an inadequate guideline for assessing a trainees competence and that more objective measures should be assessed. 1, 3 Although to some extent The American Society for Gastrointestinal Endoscopy guidelines suggest that competency is achieved in part by completing at least a set number of ERCPs, the guidelines fail to take into account individual trainees' rates of learning. Competency in ERCP is achieved when an individual can successfully cannulate the bile duct in Ն80% of attempts. It has been shown that the number of ERCP attempts required to achieve such competence is highly variable 2, 3, 12 and therefore the ability to individualize a training programme is crucial to optimize quality of practice and training opportunities for the maximum number of trainees. In the current study, the trainee had previously had brief intermittent exposure to ERCP but on commencement of the training programme was aware that they were not competent at ERCP. So although the number of attempts required to achieve competency would appear to be less than that previously reported, 2, 3, 12 this simply reinforces the robustness of Cusum. This is particularly important in the era where trainees are expected to be increasingly mobile and transfer between units during the training programme. Thus the ability to transfer previous experience in an objective fashion is increasingly important if redundancy in training is to be avoided.
Although this study only assessed cannulation as a binary outcome for Cusum analysis the results confirm this was appropriate as most of the other procedures (sphincterotomy, stent placement and duct clearance) can be completed with high levels of success with minimal exposure. It is clear from the current results that cannulation is the technically most demanding part of ERCP. Obviously complication rates are an important measure of quality; however, in the setting of training this is more difficult given the relative infrequent nature of serious adverse outcomes.
The obvious limitation of this study is the fact that it represents only one trainee's experience. Therefore it would be important for this to be replicated by large training centres or national training committees. This would be relatively simple to do with the availability of web-based databases.
In conclusion, Cusum analysis provides a simple but very effective and sensitive objective measure of competency for ERCP training. Further studies using larger numbers of trainees need to be performed to confirm the current studies findings.
